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(54) PRODUCTION OF POLYESTER 

(57)Abstract: 

PURPOSE: To easily and selectively produce a bio-degradable polyester by proliferating a 
microbial strain belonging to the genus Pseudomonas and capable of producing poly-S- 
hy droxybuty rate and accumulating the product while restricting either one of N, P and inorganic 
nutrients in the presence of a substrate. 

CONSTITUTION: A microbial strain belonging to the genus Pseudomonas and capable of 
producing poly-3-hydroxybutyrate (e.g. Pseudomonas acidovorans IFO-13582) is proliferated by 
a pre-stage cultivation and then subjected to a post-stage cultivation in the presence of 
substrates selected respectively from Ipropanol or 1-pentanol and 1 ,3-propanediol or 1,5- 
pentanediol while restricting the amount of either one of nitrogen, phosphorus and inorganic 
nutrients. The polyester formed and accumulated in the microbial cell is separated to obtain the 
objective polyester having bio-degradability and containing one or more units such as 3- 
hydroxybutyrate unit, 3-hydroxyvalerate unit and 3- hydroxypropionate unit. 
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precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The preceding paragraph culture which proliferates a fungus body for the pseudomonad 
which has Polly 3-hydroxy butyrate productivity within a culture medium. Restrict any one of 
nitrogen, Lynn, or mineral nutrients, and polyester is generated in a fungus body. It is the 
manufacture approach of the polyester which it makes it come two steps to cultivate by latter- 
part culture to store up. Culture of said latter part is performed under existence of the substrate 
chosen from the group of A and B which are shown below, respectively. A. 1-propanol or 1- 
pentanol B. 1 .3-propanediol or 1,5-pentanediol 3-hydroxy butyrate unit, The manufacture 
approach of the polyester characterized by obtaining the polyester which consists of at least 
one or more units chosen from the 3-hydroxy BARIRETO unit and the 3-hydroxy propionate 
unit. 

[Claim 2] The preceding paragraph culture which proliferates a fungus body for the pseudomonad 
which has Polly 3-hydroxy butyrate productivity within a culture medium. Restrict any one of 
nitrogen, Lynn, or mineral nutrients, and polyester is generated in a fungus body. It is the 
manufacture approach of the polyester which it makes it come two steps to cultivate by latter- 
part culture to store up. Culture of said latter part is performed under existence of the substrate 
chosen from the group of C and D which are shown below, respectively. C. 1 ,4-butanediol. 1 6- 
hexanediol D. 1 , 3-propanediol, or 1 .5-pentanediol 3-hydroxy butyrate unit. The manufacture' 
approach of the polyester characterized by obtaining the polyester which consists of at least 
one or more units chosen from the 4-hydroxy butyrate unit and the 3-hydroxy propionate unit. 



[Translation done.] 
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DETAUD DESCRIPTION 



[DotaBed Description of the Invention] 
COQOt] 

[Industrial Application] This invention relates to the manufacture approach of piaster. That 
purpose A 3-hydkvxy butyrate unit Gt is described as 3HB belowX The polyester and the 3- 
hydr oxy b utyrate unit which iMmsist of at least one or more units chosen from the 3-hy<koxy 
BARIRETO wut Cit is described as 3HV betowX and the 3-hydroxy propionate t«ut Ot is described 
as 3HP. below). It is in offer of the manufacture approach of polyester that practically useful 
polyester called the polyester which consists of at least one or more unHa chosen from the 4- 
hydroxy butyrate unit Gt is fteserbed as 4H8 below> and the 3-4iydroicy propionate unit can be 
manufeclured easily. 

toood 

^ackround of the Invention] AHhough the processing problem of a plastic waste has been 
ag^vatinc on a scale of being woHdwide. it considers as the new materials which can solve this 
problem smoothly, the 'biodegradsble plastic ' generated by the microorganism attracts 
attention, and it is coming for the first time. Since iult decomposition is promptly carried out by 
' the microorganism of a nature and it is returned to the circulation cycle of an ecosystem by it 
this "bioflegradabie plastic' attracts attention very much as a btopolymer from viewpoints, such 
as waste treatment, and a cycPcsl change of materials, environmental pollution. The Polly 3- 
hydroxy butyrate (henceforth PH8} accumulated into the fungus body of many microorganisms 
as energy storage matter was Trst found cut as such s 'biodegradable plastic.' Although this 
PH8 a a thermoplastic high polymer coristituted by much 3HB connecting, since erystsllinity 
was too high, rt was inferior to shock resistance, and ance it being a hard and weak ingredwnt 
and the production cost are high, utilization has been shelved. 

tOOOS] Then, rese'arch is further advanced about this PHB. the polyester which consists of 
copolymerizatton components new one after another, such as polyester with which 
copolymerization of 3HV was carried out to the side chain with 3HB. polyester by 3HB and 4HB 
copotymerization. and also polyester which consists of 3HB. and 4HB and 3HV. is found out and 
the industrial production by the fermenting method has come to be considered. In the copolymer 
which consists of for example. 3HB and 3HV, such polyester can show 50% or more of high 
crystaOinity over the Isf^e presentation range of 0 - 9SS of 3HV molar fractions, and can show 
the melting point of 70 - 178 with 3HV molar fractmn. Moreover, it is known for the 
copolymer which consists of 3HB and 4HB by adjusting 4HB molar fraction that it wilt become 
possOile to reduce degree of crystallinity. or Afeecalis T1 although, as for what has \ow (B " 28S) 
4HB content enzyme catabolic rate is quick in the enzyme resolvabiCty using a dialytic ferment 
compared with the PHB homopdymer — 4HB conttwit — being high (85 - 94%) — becoming late 
conversely b also found out Furthermore, \whcn becoming so qdck that 4HB content becoming 
high in hydrolysis is found out and it makes a sustained-release drug, it is known by making 4H8 
content high that emission of a drug can be made quick. Thus, on the occasion of practical use. 
large sdectkm of width of face is attained more by preparing suitably each molar fraction of 
3HB. 4HB. and 3HV. 
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[Description of the Priof Art] As the technique of marvufecturing the Polly 3-hydroxy butyrate 
(PHB) using a microorganism, it stretches, nitrogen and the method of restricting and cultivating 
♦* are used in the microorganism which has polyester productivity corrventionaDy. and the 
technique which uses organic acids, such as a propionic acid or an isobutyrio ackl. as a carbon 
source is indicated by JP,57-150393.A 'a beta-hyA-oxy butyrate polymer and its manufacturing 
method' in the culture to which especially gef>eration of polyester and are recordng are urged. 
[0005] Moreover, the technique of manufacturing polyester with the rate of the copolymerizatran 
component to 3HB componenU. le.. 4HB. and 3HV components comparatively high St JP.l' 
1S6320.A is indicated. This indication technique was a technique of manufacturing polyester as a 
carbon source in culture of thb fungus body using a valeric acid and 4-hydroxybutyrate, using 
the Alcaligerws baciOus. 

[0006] However, with the above mentraned technkiue of JP,57-I50393A only the copolymer 
which actually contains 3HV conrtponents of a maximum of 33 mol% in an exarr^le was shown, 
and it was not in<ficated at aO about a copolymer with more rates of 3HV components than this, 
moreover, if 3HV components in a copolymer increase to 0-33mol \ it will get to know that a 
melting out temperature (Tm) fells rapidly from 180 to 85 degrees C with this increase — 
having — — [— T. — it is suggested that it is (fifRcuft to obtain the product which has the 
same physical properties industrially from UBIuhm et at. Macromolecules. 19. 2871-2876(1986)]. 
and this poirrt Moreover, since the organic acid was used for the quality of a culbre medium of a 
microorganism in this imficatmn technique, the technical problem that control of pH in the 
culture me(fium in a polyester are recoriSng phase will b«BOffla difficult also existed. 
[0007] Uke the indication technique of JP.57-1S0a93>\ whioK on the other hand, also described 
above the technique currently indicated in JP.1--1S6320A sinca organie acids, sudi as a vderic 
acid and 4-hydroxybutyrate. were used for the quality of a euhu-e medun. the technical problem 
from which control of pH will become dffieult existsd. Moreover. In this technique, although the 
ratio of each component in polyester was mdfaated vrith 3HB oonyonent lO-OOmol X. 4HB 
component 3-6(hnoi %. and 3HV ocmponent 5-a7mol %. a copolymer with mora content of 4HB 
c o mponents than this was not showm at aO. Furthennora. a valeric acid. 4-hydbvxybutyrBte. etc. 
which are used with this technique cannot come to hand easily, and the technical problem were 
not sintable also existed in praotical use. 

[OOOti ki the Sght of such the actual condition, this applieant appfies for Japanese Patent 
AppEcatkm Na No. 56725 [ four to ] 'the mamrfsctira approa^ of a polyester copolymer' 
previously. This technique was a technique usfrig the specilio (Sol (1.4Hxrtanediol or t.6- 
hexanedioO wWch is easy to oomo to hand industrially at the time of the cuKura which generates 
polyester and is stored up by the microorganism (pseudomonad). and specifie alcohol (primary 
alcohol wnth o<M carbon atoms other than a methanoO as a ovbon source. 



ipntimM to be Solved by the btventfaMi] The technique in which it had appGed acconSng to 
this above mentnned appficant was the outstanding manufacture approach which can make the 
comparatively (mole ratio) large copolymer of 4HB components generate in a copolymer with 
3HB. 4HB. and 3HV wMla being able to perform pH control easay. However, in the Mustry, the 
denaturation copolymer of the copolymer which oonsbts of the above mentioned 3HB. 4HB, and 
3HV. i.e., the copolymer which 3H.P. component newly oontainad, could control hifh-melting and 
cstsboBc rate broadly, and its attention came to be paid h the point that it can become a 
inAistrial more practical ingredwnt. and creation of the manufactura approach whkh can also 
manufacture the copolymer containing this 3KP. component easily was desired further. 
[0010] 

[Means for Solving the ^^em] The preceding paragraph culture which proliferates a fungus 
body for the pseudomonad which has PoOy 3-hydroxy butyrate productivity within a culture 
medkm in this invention. Restriot any one of nitrogen. Lynn, or mineral nufriente. and polyester 
n generated in a fungus body. It b the manuAH::ture approach of the polyester whid) it makes it 
come two steps to cultivsto by btfcer-part culture to store up. Culture of saki latter part is 
performed under existence of the substrate chosen from the group of A wid B wNi^ are shown 
below, respectively. A. l-propanol or 1-pentanol 6. 1.3-propanediol or 1>-pentanediol 3-4)ydroxy 
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butyrate unit A 3-hydro)cy BARIRETO unit. The preceding paragraph culture whksh proliferates a 
fungus body for the pseudomonad which has the manufacture approach of polyester and Polly 3- 
hydroxy butyrate productivity which are characterized by obtaining the polyester which consists 
of at least one or more unite chosen from 3-hydroxy propionate unite within a culture medium, 
flestrict any one of nitrogen. Lyrm. or mineral nutrients, and polyester is generated in a htngia 
body. It is the manufacture approach of the polyester whwh it makes it come two steps to 
cultivate by bUer-part culture to store up. Culture of said latter part is performed under 
existence of the substrate chosen from ti>e group of C and D which are shown below. 
. respectively. C. 1.4-butenediol. t.6-hexanediol O. 1 >>propane<fiol. or 1 .5-perttanediol 3-hydroxy 
butyrate unit Said conventional technical problem is entirely canceled by offering the 
manufacture approach of the polyester characterized by obtaining the polyester which consista 
of at least one or more unite chosen from the 4-hydroxy butyrate unit and the 3>hydroxy 
propionate unit 
[0011] 

■ [Elemente of the inventkm] Hereafter, the configuration of the mwufacture approach of the 
polyester concerning tMs invention is explained. In this invention, a specific pseudomorud is used 
as a microorganism wNch has PHB productivity. As this pseudomor>ad. Pseudomonas test 
SUTERONI (Pseudomonas testosteroni). Pseudomonas DERARRUDI (Pseudomorus delafieldii). 
Pseudomonas SEPASHIA (Pseudomonas cepacia) And the mutant of such strain eta. b used 
suitably, it b especblly Pseudomonas acidovorans (Pseudomonas acidovorsns). It is the most 
destrable and Pseudomonas acidovorans IF(J-I35a2 and ATCC-15668 are more preferably used 
by experimental learning especially. 

[001 2] These microorganisms are cultivated in two steps with culture of the latter part which 
any one of culture of the precading paragraph which proliferates s fungus body in a culture 
me^um with abur>dant nutritions first and the indispensable componente of growth of fur^s 
bodies, such as nitrogen. Lynn, or various mineral rKitrienta. b restricted [ latter part I and 
generates and stores up polyester into a fungus body. Thus, by being under culture, exchiding 
any one of the growth indispensable components, such as nitrogen, at all, and making a growth 
indispensable component drained, growth of a fungus body is restricted and polyester can be 
compounded efficiently. As this cultivation, any of the batoh process approach or continuous 
cultw^ may be used, end especially Gmitation b not carried out Especially Kmttotion is not 
carried out about the cultivation of the prececfing para^aph. but a body is proliferated 

accordmg to a conventional method. Filtration or centrifugal aeparation aeparates with culture 
medkjm. end the fungus body proliferated by culture of thb preeedmg paragraph shifts to latter 
cuKve. Or after st least one of oomponenta indispensable to the growth in a culture me<Sum b 
consumed in the process in wNch a fun^is body is increased in cutturo of the prece<&ig 
pararspK you may shift to the latter part Under the present cireumstanoes. as an indispensable 
component of growth, rather than mmeral nutrients, such as a potesskim and magnesium, 
although it is mora suitable for gonerstion of polyester, and are recording to restrict nitrogen or 
Lynn, especially limitation is not csrried out in this invention. 

[0013] As a cufture-medkim component although the natural product of synthetic esfbon 
souroes. suoh as saccharides, such as a gkicose. fiructose. and a mannose. a methanol, ethanol. 
an acetio acid, and butanoic acki. a yeast extract a peptone, a meat extract eto. is ilkistratod as 
a suitable example as a carbon source, especially DmitatMn is not csnried out Moreover, as a 
nitrogen source, organio nitrogan compounds, such as inurgarnc nitrogen confounds, such as 
smmonia, ammonwm salt ar«l a rvtrato. a peptone, a yeast extract and a meat extract ate. are 
ilhistrated suitably. Phosphate a given as a source of Lynn and the cation of the mineral ssit of 
a potasanjm. mavteskjm. calcium, iron, manganese, cobalt cine, copper, eto. is further given 
suitably as a mineral nutrient 

[0014] As this culture condition, both the preceding paraeraph and the latter part are 
temperature, respectively. It cultivates aerobicaOy within the limite of 20 - 40 ** extent and 
about sbi to ten pH. 

[001s] bi culture of the latter part which generates polyester and is stored 14) into a fungus 
body. (A) 1-propanol or t-pentanol and (B) 1,3-propanediol. or l.S-pentanediol is used as a 
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substrate especially by this invention. This is based on experimental learning that tiw polyester 
which connsta of at least one or mora unite chosen from 3HB units. 3HV units, and 3HP. unit 
can be gerterated and accumutetod alternatively wMe it can perform pH oontrat easBy by using 
these substratas. as a result of this artifieer's exandning whol Aeartadly the manufeeturmg 
method of the polyester winch consista of WB units. 3HV unita. and a 3KP. unit uskig a 
pseudomonad. 

[0016] Or in adcfitnn to the polyester whidi consista of the above mentioned 3HB. 3HV. and one 
or mora urtita chosen from 3KP.. when malung the polyester wWch oonatsta of 3HB, 4H8. and 
one or mora unita chosen from 3H.P. generate. In latter culture, (C) 1.4-butanedkil or 1.6- 
hexanedM and (D) 1>-prop an etfol. or 1,5-pentanedNit b used as a substrate. This can make the 
polyester «Mbh consista of at least one or mora unite chosen from 3HB. 4HB. and 3H.P. unit 
generate efficientiy altonnatively by u»ng such a substrate baaed on this artifieer'a experimental 
learning by raseareh whoMieartadly. 

[0017] Although tile concentration in the cuttura medkm of these substrates will not be limited 
especially if it n an amount which can bo made to generate polyester and does not check 
training of a microorganism, it is desirsble that carbon source concentration which totaled the 
carbon source concentration. (C) 1 .4-butanecfiol or the 1.6-hexanediol and (0) 1.3-prepanediol, 
or l.S-pentanedkil whi^ totaled (A) 1-propanol or l-pentand and (B) 1,3-prapanediol. or 1,5- 
pentanediol is made into within the Kmita of about OJOS - 3.0 % extent 

[0018] These substrates may be given in several steps that a part should just be used although 
to use continuously during btter culture « mora desirable, and especially Omitation is not carried 
cut Moreover, although only these substratas may be used by latter culture, the carbon source 
in whwh utilization is possble, snd a deskr^le carbon souroe with essy pH control of fructose 
oOier than an ackj (for exan^ile. a gkjcose). a methanol. ethanoL etc. can also be mixed. 
[0019] Filtration or centrifugal separation sepsrates a fungus body from culture medkm after 
culture ternunation. and the polyester which oonsiste of the polyester which oonsbta of the 3H8 
accumulated into the fungus body. 3HV. and at least one or more unite chosen from 3HP. or 
3HB. 4MB. and at least or>e or more unite chosen from 3HJ>. is extracted. EspedaSy fimitetion 
cannot be carried out as this extract approach, for example, a solvent like ohbrofMm can 
extract ar«d it can obtain easily by settling this extract with poor sdvente. sudi ss a hexane. 
[0020] 

[Example] The manufactura approach of the polyester which ^es an example and ia hereafter 

applied to this invention, and ite efTectiveness are further explained to a detail. 

[0021] (Example 1) Paeudomonas acklovorans (Pseudomones acidovorans) — IFO-13582 It used 

and polyester was manufactured. fHrst it b the poly peptone in II. of dstiiled water. lOg, yeast 

extract lOg. 2(NH4) S045g, and Sg of meat extracte were mixed, culture medium was prepared. 

in this culture medium. 26 degrees C of fungus bodies were cultivated for 48 houra. the fungus 

body was proliferated, and preceding paragraph culture was performed. 

[0022] Centrifugal separation separated the fungus tiody after preceding paragraph oilture 

termination. Culture medium was prepared eccordni to the following formula, using l-pentenol 

and 1.5-pentenediof as mineral rHitriente. such as Lyna magneskm. arwl a trace element and a 

carbon sources. It is pH7.0 about this culture meilium. After preparing, the separated fungus body 

was shifted to this culture medium. This culture mecfium performed latter-part culture at 26 

degrees C for 96 hours, and generation within the fungus body of polyester and are recordini 

were performed. 

(Inside of 11. of distilled water) 

K2HP04 5.8g MkS04 0.12gKH2PO4 3.7g t-pentenol I.Og* trace element tml 1 .5-pentenediol 
4.0g* A trace element sokition contains the followini mtneral nutrient in t-N hydrochloric acid. 
FoS04.7HZO 2.78g CaCI2.2H20 1.67gMnCI2.4H20 1.98g CuCI2.2H20 0.1 7gCoS04.7H20 2.81g 
ZnS04.7H20 Centrifugal separation separated the fungus body from culture medkm after 0.29g 
culture termination, and chloroform extracted, after washing in cold water. The extract was ortce 
condensed and the polyester which added the hexane to this concentration liquid snd was 
obtained was settled. Precipitate was collected, it dried and polyester was obtained. 
[0023] Proton-magnetic-rasonance-spectrum 1 H-NMR (lOOMHz) analysis was prasented with 
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th« obtoined polyester. I H-NMR (lOOMHzJ analysis It measures at a room temperatwe usins 
JEOL FX- too. and is C0CL3. A sotvent and 15 miorosaoonds Pulse wwidth (45-decree pulse 
incJudo ande). pulse repotition-time:5 seconds, and 8K data point It earned out on conditions. In 
adAion, TMS was used as a standard reagenL 

[0024] The sipna value (ppoi) of said 1 H-NMR (100MHz) analysia {1.24-1.30 (methyl croup) 
2.3J-2.58 (methylana group). 5.10-5.42 (methina group)). |0J2H).96 (methyl poup). 2.33-Z58 (the 
1st methylene poupX 1.50-1.70 (the 2nd methylene group). 5.03-5.34 (methtna poup)|. |2.33- 
2.58 (the 1st methylene BroupX and 4.27-4.39 (the 2nd methylene group) It was identified 3HB. 
3HV. and 3H.P. from It hawing beenL respectively. This result is shovm in db-awina 1 . 
[0025] (Examples 2-5) The polyester of an example 1 and the same examples 2-5 was obtained 
except having prepared at a mixed rate that 1-pentanol and I.S-pentanedM aro shown in Table 
1 as a carbon source in latter-part culture. 
[0026] 

[Table 1] 
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[0027] (Examples 6-10) The polyester of an example t and the same examples 6-10 was 
obtained except having prepared at a mixed rata that 1 .4-butanediol and 1.5-pentanediol aro 
shown in Table 1 as a carbon source in tatter-part cultura. Proton-magnetic-resooance- 
spectrum 1 H-NMR (tOOMHz) and 13 C-NMR (125 MHz) analysis were presented with the 
polyester obtained in the example 6 on the same conditions as an exarr^ta 1. 13 C-NMR (125 
MHz) analysis is JEOL GX-IOO. It uses, and measures at 27 degrees C. and they are C0CL3 
solvent and 5.5 microseconds. Pulse wfidth (45r^degree pdse inchide angle) and pulse repetition 
time; It carried out on concfition that 64Kdata point for 5 seconds, in addition. TMS was used as 
a startdard reagent. 

[0028] In the example 8. the sigma value (ppm) of 1 H-NMR (tOOMHz) analysis M. 24- 1.30 (methyl 
ff-oup). 2.33-Z58 (methylene 0^oup). 5.10-5.42 (methtno group)L 12J3-2.58 (the 1st methylene 
group) and 1.78-2.09 (the 2nd methylena group). 4.06-4.18 (3rd methylene group)!. I2J3-2.58 
(the 1st methylene group), and 4.27-4.39 (the 2nd methylene group) It was identified 3HB. 4HB. 
and 3H.P. from it having beenl. respectively. This result is shown in dravwn 2 . 
[0029] moreover, the sigma value (ppm) of 13 C-NMR (125 MHz) analysis — 169.83 to 3H.P.*- 
3HB was identified for 170.04 to 3HB *-4HB. and 169.14 to 3HB »-3H8 was identified [ 172.62 
to 4HB •-4HB / 171.85 to 4HB ♦-SHB ] for 3HB ♦-SH.P. from 169.88. respectively. This result is 
shown in drawing 3 . 

[0030] (Example 1 of a comparison) In latter-part culture, the same polyester as an example 1 
was obtained except having used only S.Og only of 1-pentanol. as shown in said table 1 as a 
carbon source. Proton-magnetic-resonance-spectmm 1 H-NMR (tOOMHz) analysis was 
presented with the obtained polyester on the same conditions as an example 1. It was identified 
3HB and 3HV. respectively from tfiis sigma value (ppm) having been (1.24-1.30 (methyl group) 
2.33-2.58 (methylene group). 5.10-5.42) (methine group), and (0.82-0.96 (methyl poup). 1.50-1.70 
(the 1st methylene group). 2.33-2.58 (the 2nd methylene group) and 5^)3-5.34) (methine groupX 
This result is shown in drawnij 4 . 



[0031] (Example 2 of a comparison) In latter-part culture, the same polyester as an example 1 
was obtained except having used only S.Og only of 1 .4-butanediol. as shown in Table 1 as a 
cart>on source. Protorr-magnetic-resonance-spectrum 1 H-NMR (tOOMHz) analysis was 
presented with the obtained polyester on the same corwlitions as an example 1. It was identified 
3HB and 4HB. respectively from this sigma value (ppm) of this having been (1.24-1,30 (methyl 
troup). Z33-2.58 (methylerM pTxip). 5.10-5.421 (methine group), and (4.06-4.18 (the 1st 
methylene group). 1.78-2.09 (the 2nd methylena group) and 2.33-2.58) (the 3rd methylene p-oup). 
This result n shown in <fr-awin g 5 . 

[0032] (Example 3 of a comparison) As Alcaiigenes you TOROFASU ATCC 17699 is used instead 
0* Pseudomonas acidovorarts as a fungus body and it is shown in Table 1 as • carbon source of 
latter-part cutture. they are 1 7g of 4-hydroxybutyrate. and 3g of Valeria acids. Polyester was 
obtained Vko the example 1 except having used. Protorr-magnetio^rosonanee-apectrum 1 H- 
NMR (lOOMHz) analysis was presented with the obtained polyester on the same conditions as an 
example 1. This sigma value (ppm) (1.24-1.30 (methyl group) and 2.33-2.58 (methylene poup). 
5.10-5.42 (methine »-oup)L (0.82-0.96 (methyl group), 1.50-1.70 (the 1st methylene poup) and 
2.33-2.58 (the 2nd methylene group). It was identified 3HB. 3HV. and 4H8, reapeetively from it 
having been 5.03-5.34 (methine group)i and (4.06-4.18 (the 1st methytane V9UqX 1.78-2.09 (the 
2nd methylene group) and i33-2.58l (the 3rd methylene group). This result b shown in drawin g 

[0033] 

tTest Example(s)] Each presentation ratio was calculated using the polyester obtained m 
examples 1-10 and the examples 1-3 of a comparison from tha inteval valua of praton- 
magnetic-resonance-spectrum 1 H-NMR (lOOMHz). Moreover, the melthg point CTm) DSC 
measurement determined. This result is shown in Table 2. 
[0034] 

Table 2] 
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[0035] 

(Effect of the Invention] The preceding paragra^^ culture which proliferates a fungus body for 
the pseudomonad in wihich this invention has Polly 3-hydroxy butyrate productivity within a 
ailturo metfium as explained in full detail above. Restrict any one of nitrogen. Lynn, or mineral 
nutrients, and polyester is generated in a fungus body. It is the manufacture approach of tha 
polyester which it makes it come two steps to cultivate by latter-part culture to storo vft. 
Culture of said latter part is performed under existence of the substrata chosen from the Voup 
of A and B which are shown below, respectively. A. t-propanol or l-pentanol B. 1.3-propanediol 
or t.5-pentanediot 3-hydroxy butyrate unit. A 3-hydroxy BARIRETO unit The preceding 
parapaph culture which proliferates a fungus body for th« pseudomonad which has the 
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manufceture approach of polyester and Polly 3-hydroxy butyrate productivity which are 
characterized by obtaining the polyester which consists of at least one or more units chosen 
from 3-hydroxy propionate units within a culture medium, Restrict any one of nitrogen. Lynn, or 
mineral nutrients, and polyester is generated in a fungus body, tt is the manufecture approach of 
the polyester which it makes it come two steps to cultivate by latter-part culture to store up. 
Culture of said latter part is performed under existence of the substrate chosen from the pwip 
of 0 and O which are shown below, respectively. C. 1 .4-butanediol. t,6-hexanBdiol O. IJ- 
propanediol. or 1.5-pentanediol 3-hydroxy butyrate unit. Since it is the maruifacture approach of 
the polyester characterized by obtaining the polyester which consisU of at least one or moro 
units out of a 4-hydroxy butyrate urit and a 3-hydraxy propionate ivut Tha outstamSng 
effectiveness that ****** can perform also manu^cturing tha hi^ copolymer of utility value 
altematively and very easily industrially is done so. 
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* NOTICES* 

JPO and NCIPIare not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is 1 H-NMR (100MHz) spectrum Fig. of the polyester obtained in the example 1. 
[Drawing 2] It is 1 H-NMR (100MHz) spectrum Fig. of the polyester obtained in the example 6. 
[DrawingjQ They are the same as the above and 13 C-NMR (125 MHz) spectrum Fig. 
[Drawingj4] It is 1 H-NMR (100MHz) spectrum Fig. of the polyester obtained in the example 1 of 
a comparison. 

[QjraMng S] It is 1 H-NMR (100MHz) spectrum Fig. of the polyester obtained in the example 2 of 
a comparison. 

[DrawingjS] It is 1 H-NMR (100MHz) spectrum Fig. of the polyester obtained in the example 3 of 
a comparison. 



[Translation done.] 
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(57) [S*^J] 

#ffiC3HB) . 3-b FP + f>'MUU'^ hmaOHV) . 3 
-t Kn^>>:7-nb-:t^- h#{4C3HP)C!>«3&:»6SIR5 . 



C2) 

1 

A. 1 '-y'aj^y-j\^tfcUi 

B. 1, 3-:/n>'S>t^^-Jl/S/c«l. 5— ^>^> lo 

tl:0>~o:S:^^JKgUrffi^^^^c^KyxXT*;^$^^. Slg 
3li'^mSlif«i{cJ:i3-S^«3't±r^cS;i<yx>;7=' 20 

C. 1. 4-r^3?>e^:t->rl/Sfc»l. 6---^+1f>S? 

D. 1. 3 ->^^/^•>i;?;^^-;^$/c«l. 5 i>:$?> 

3~b Kn+>/:/5^U-h^{4, 4-t: Kn^t^r/5^u 

^l-*f#^ C <b ?r#8S[ i ^ y X X f- JKDSig^/jffio 30 
[0 00 1 ] 

imM±<Dmm^m] ccD^0j«3i<yx>?;7^;KDM®:^ 

(fe(T3 HBilST) . 3 - t K^=^^->>^^'y 
(«T3 HViiBT) . 3 - t Kn=^f>:7-nt:':t^-- h 
(«T3HP<biE-r) (D^f)^^miR^tifcCi>rj:< i 
tUb<Dm{4;6^6^j:^4< yxXT';uSO'3 - t Kn^ 

T4HB<i:fST)\ 3 - b KP=^^->::^o 40 

y X X r >ru <!: I ^ ^ /cllffl± Wffl 5i< y X X T- ^ 

[0 0 0 2] 
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2 

6. :t^y'7-<bLr^Nmccas$nrci-So 

/c<D«. x4^;t'=^*-B?jg?B9®<5: Lr^ < (D^^^momw 
rtcc|iasnrci^d<y - 3 - b Fn+t^:/^ h 
(&rF. PHB<tl^5) t?*r?/Co C0[)PHB«3HB 

[0 00 3] -ecr. C<DPHBiCOC^r$^JCW^7&^ 

y xXf^!/-^3 H B i 4 HB i<Z)ftfi'&CCj:^;J< y x 
X-r^U. M^CtJ3HB<h4HB • 3 H V7&:»6 3^d:€>Ji< y x 
X-r^l/^ii'. ;^C>t7<hifbl^^^S'^^:9^;&>6>:C'S5j<yxx 

m^fit3HBt3HVf>^f^>rj:^^m^i^Xlct. 3 HV^ 

^tt^^ 1/ . 3 H V ^^(rC ct o r 70—178 •COSi,^.*^ 
TCi:<?5r#^„ ^fc. 3HBt4HB:^^hrj:^^M^ 
<t-C«4 H B^^€ii^T-5 C t CC J: D^B^^b^^ffiiT 

13:. A. faecalis T. co^^^^^(.^/c^^^^f^CC 
*JC^r«. 4HB^W^<DffiCi (6-28%) feOtSPH 

-f)^. 4HB^mmf)mi^ (85-94%) iMCca<^d:^c 
<bfemi.^£U3nrc^^o Seoc »D*:&}gCcfct,^r^i4 
HB#W^:d5]i5<J5:^g3i<35:-SCi;&5^(,^fflSn. ^ 

mi<Dm'^^i'^^m^(tCfct4H B^mm^ii^<r^c t 

CCDi^klSHB. 4HB. 3 H VOS-^J^^SJIPM 
^[0 004] 

m^<Oim] gS*iB5^fflliyt4< y - 3 - b FD+ixr^ 

5^u-h (PHB) ^SB^r^^ffii brti. fie^<io 
d< y XX x;i.^jgfig^w-r -ss^i^^^M^x^ 0 ^*^^J 

[0 00 5] ^/c. 1#l§¥l-15632(>^<&$gCcr3 HBiS 
^CC^t-r-Sita^i^X^, Ti^Ct>^4HB&C>'3HVfiS^ 
<DWi|^;Osi:b«?e«JiSl/^Ji< y xxf-^U^feSJagT^KSBTl^^BgS^ 

4 - b K CI + ISK ^ as i L T i^ffi 0 r ^ y X X r 



3 * 

[ 0 0 G 6 ] Lf)^Urj:i)i^^ mfiBb/c#gaBg 57-150393 

mm^um (jm)^sxso 6 src ^ r^.a^ccffir-r ^ c ^ 

;&^6nr4o«3 [T.L.Bluhm et al , Macromolecules, 1 
9. 2871-2876(1986)]. C<Z),^>6XmWCC0— C^)®tt 

[0 00 7 ] -yy. ^m^X-XS6320^^(^X3S7jk$ tl 

^mmf)m&Lfc. tftc(Dmm^^i.^x^t. ?}<»>;xx 

f^}V^O&fS^(Otb^i!f^3HB0i^XQ-9Qmo'] 4 H 
B^^3-60mol %. 3HV^^5 -87mo1 %tmm^ 

ftOC-oi,>T(3:{5je>^3tiT(.i&*:»o:feo S6iC. com 

m^xmm^ n ^^^^-^ 4 - 1 k a + tymmm^mm 

to GO 8 ] C(DJ:5^j:|im^CMe>U. C(DffiMA6CC 
J:oT:J^I||^4-56725-^ T V X X f".^Uitg^^o:>^^ 

(i,4-:/^>e^:*--;l/X«i.6-'^^-!f>s;?:t-Jl/) i# 
[0 00 9] 

^iifctC. 3HB. 4HB. 3HV<h<D**^*CC4o 
t^r4HB^:9^CDfiJ^ (^;H:b) >t>5A€r(.^*S'^<*?:^ 

^c;^)^^). *»-C(iluifiU/t3HB. 4HB. 3HV;&:»6 
%S*S^»cD^tt^ta^», ■r*:b^»r/cCC3HP^ 

L./c^S^»?r fcS^tcS^r* i»jg:^0«ijai 
[0010] 
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4 

mm^mm^Kxmw^^m^'^^mwii^mt. 

A. 1 -yn>'S>^-;l/$/cCi 1 
10 B. 1, 3 -:7*o/>:>i;^:t-Jl/S/c«l. 5--<>^> 

20 ^<hcccfc':)r^igiiSifr3&^j|<yxx7^;i/(D^3g75'?£ 

C. 1. 4~^:$7>>^:t-il/3S/c(^l / 6 --^+1f>i^ 

3-fc: Fn^S/:/5^U- h#fi[^ 4-tFn+>/^^U 
-h^fev 3-fc: Fn+i^r^nf:t^- h*fi:(Dct3;5P^ 
3 n/c^>5: < i fe-J^±cDm{4^> 6 S ^ y XX r 
30 >^U«:f#5C£^1^£t-€^3j<yxXr';l/(D^:^jS:g:ffi 

«-r ^ c i (c J: D BusastjRcDss^s < mmrh. 

[0011] 

Wjm(ommc-o\,^xwm-r^. c(D^x\tPHB± 
mi.^m'r^^^^t\^xw&zy:x- Y^i-:^mm^^ 

• FXT*nx ( Pseudomonas testosteroni ^ , 
t^^— F^:^X • -7^5-7 — Jl/f'^ CPseudomonas delaf 
ieldil) . Ucx— Y^-TT. • -b>>^•->r (Pseudomonas cep 
40 Ma) SC>'Cne>©M*^<D5^^^M^^:dWSCCi^$ 
tl. 4$tCi^^- F^:^X • Ti^ F^^>X (Pseudomonas 

acidovorans ) :«)^*iieft^f#^C <i: 0 S ^><^ ^ U < . ^Cc 
Xi>iy^- F^:^X • Fd<^>XIFC^13582,ATCC-l 

5668*^ J: DJf* b < mmsti^. 

[0012] crubodk^mt. ^r^mmmrj:ism(>c 
^^^xmi^^mm^^^mmcD^mt. mm. y>^5 

50 CCDi ^tC^^<DJ?)cSii:>a^:»CDC^Tn;5^?^— o:S:^< 



I 



5 

^c^imr^WifhXhJ;:\.K com. ^SO^^^^i L 
Xk-Xt} U ^ A-^ V {f:^. A^c i'cDMa^^m J: D . 

CO 0 1 3 ] SflMc^iorii. ^ag<hLr^ji/=i- 

tiy>MS:^5. ^6JC^^^««iL.r{J:^Vi;A. -7 
[0014] C<Z)««^i ur«. MSfeJcO'^O 

c^-rn^>^n^txsa 20 - 4o •Ggjg. pHe-^ices 

COO 1 5 ] M«q^CC:^<yxxf-Jl/Sr^, SSSi^-S 

(A) 1 — -^^y-iX^sucf 

(B) 1. 3--7*n/>->*;^:^*--;i,X(3:l, 5-^>^> 

K'=e::^XgM;S:ffil\ 3HB#{4. 3HV^{4, 3HP 

mit^ 6 ^ V X X 7" jKDSf^is oi, ^ xwm.^ b 

B^CVxU^htL^\*c^ 3 Heme/ 3HV^{4. 3H 

3&:^?Kyxxr-;U^Sil?fi«jCc^^. SSrt ^tcD^il 

[0016] mffSL./c3HB. 3 HV. 3 H 

P <D*7!>^ e> StR $ n/c-fei±0*ffi>&^ 6 J&: -S) ;J< y X X f- 

y\^m^C. 3HB. 4HB. 3HPCDcfi:;:):^6jMi;^5ti/c 
— feiicD^fiT^^ 6^c^ Ji< «; XX -tf ^ig-^cc 

f^l20^S(C46-t^rSKiUT (C) 1. 4-:/ 5? 

>i;^3j--;u$/ctii , 6~-^+if >*^:t-^u5:i>' (D) 

1. 3-7'D/N->*y^-;l.$/c:t3: 1. 5--<>^>i^:t 
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CiCCjrO. 3HB. 4HB. Z\i^mL(D^ti^hmm. 

[0017] cn^(DSscDSs?g4ioiga«. ;i<'jx 

XrJl.:S:^^3-t±^C<h:^ir^, ao^^(DW^?:PI 

(B) 1. 3 -^'n/^^S^^f-jl/X^ 1 . 5 — ^>^> 
i^^i^-ju^&'&itbi^^^rSffiS/t^ (C) 1, 4-y 

10 ^>*^:*'-^l/S/c« 1 , 6 — ^^^l^Vic-yVSLU 
(D) 1. 3 -:7*a>'S>s;^^--jut/ctil , 5--^>^ 

>S>^'-*;b«:^H-0/cj^i^?SS[;{>i. *5j0.05-'3.0 %g 

[0018] cnp>(Dmmx. ^^mo^^i^^mxm 
i.^fcyoi)m^hi.^:^\ -?&^xi>m^^^titi{t^< . t 
fc^mc^i^x^^xi>j:<. ^i^cmmit^ntj:is\ t 
fc. im<D^xcnio<Dmn(o^imi>x^j:{.^i!>s^ 

-X. :7v!j7h-x. xa?^-;u^o[:)pH$iJ 

[0019] ^m^T'i^. m^^^mt^^c^^mrj:^(^ 

B. 3HV. 3HP(Dtpf}^fbmVi$tifcprj:<ti>-&. 
±cD#{4^^e;^cC^>i<yxxf-Jl/X«3HB, 4HB, 3 
HP (D^^^^miR^Ufcprj:< <b*>— tLhcD^a^^^^^^cC 

^?i<';xxT*^i/*fflffi-r^o ccDaajT^ftiur^ii^ic 

KSttStif. WI;t«t5'nn5i-wl/A(Dcfc^?5:^Jr}fiai 

t(iC^-:>X^(,cm^Cti^X^^. 
30 CO 02 0] 

So 

[0 02 1 ] (lUS^ill K't:^X - Ti^ K?K^ 

>X (Pseuctomonas acidovorans ) IFO-13582 ^ffil^Tii< 

yxxf-vfu^^igu/co ^T. ^.g[7ki y hjv^(,c7^ 
V^:fh> loq. SSttffii^ log. CNH4),so.5a rtx 
^^xsp^t^-^Lrig^vS^HSu. c<D^«?g'?ir®<* 

40 o/c. 

[0 02 2] m^iSm^J-i^. ^^Cv^^^c J: 

Rz^^mmtux I -^>^ 1. 5--<> 
^>iy^-j\^^m^\ mcDnikyfdc^iit-yxmmm^mm 

ii^^c(D^mmcmrLtc. (:(Dmm'mcx2e'cxsm 

50 KiHPa 5.8q MqSO^ 0.12q 



KH1PO4 3.7q 



1 y—Jl i.og 
1, 5 <>iil^Zy:t-)\^ 4. 



Oq 

FeS04-7HiO 2,78q Caa,-2M»0 1.67q 

MiClj-4H,P 1.98q CuO, •2H»0 0.17q 

GoS04 -7HjO 2.81q ZnSO^ • 7ht 0 0.29q 

[002 3] f#6n/c^y x>;T-;U{i^o h >ffltm?^iiS 
^ h H - N M R C10aH2)t»WCCtt U /c. ' H - 
NMRC100f^2):»*f6S JEOL FX-lOO^fflCir^aril'J^ 
L/. CDCU 15ms /nVI/X*S (45" , 
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*^^•;^;^^Oigb^ra : 8K data point OD^mCT 

C 0 0 2.4 ] luiB^ H -NMR a00Ml2)»#r<3!)aM(pp 
m)» {l.24-1.30(^^;US), 2.33-2.58 (-^^U>S), 
5.10-5.42 (^^>S)} . {0.82-0.96C.X^;US),2.3 
3-2.58(^1 ^5=- U>S), 1.50-1.70 (||2y^U> 
S), 5.03-5.34 (-^^>S)} . {2.33-2.58(^1.^^ 
U>S). 4,27-4,39 (112 -^^U>S) } r^o/cCi 
?&^^-etl-en3HB. 3HV. 3HPi|gSStl/h, C 
10. CDM**S UCS^To 

. 10 0 2 5] (mmm 2 - 5 ) t^a^si^c^jct ^j^^i® 

1 il5l«(D^^«|2--5c7:)?i<yxxf*;L'^t#/Co 
[0 0 2 6] 

[an 



1. 5-o»-.*5t-* 



1. A-1$>yt'h 



1. 5-O^V5f-i| 



1.0 



4.0 



ZO 



ao 



ao 



2.0 



4.0 



1. 0 



1.0 



4.0 



zo 



ao 



Z.5 



zs 



ao 



2.0 



10 



4.0 



t.o 



1 



5.0 



5.0 



110 



ao 



[0 0 2 7 ] ims&me^ 10) f^@^scc*jt:r-5ig^ 

ittmi&m 1 il^IfilOlljSS^?!! 6^10 V X j:^ x^U*f# 
*ife«^J6(crf*6nirc:i<yx;^T*;b«. ilM^^Jii 
mm(o^n'(^xy'ah>mm^m:^^^ hjv' h-nm 

R aO(Mte);Ra^* ' C - NM R (125 MHz)^W«:tt L fc. 
*'C-NMR(125 mz-y^^mt. JEOL GX-lOO ^fflo^r2 

rctcrsjJSL/. axu?SS. 5.5ms >'^*;^xl^s (45' 

^I'^ftS) . >'^V^X^OJIbB#PB^: 64Kdatapoin 

[0 02 8] mmmexiit'^ h - nmr (loomz)^*?© 

afii(ppm);&i { 1. 24-1. 30(-^ ^ JUS), 2.33-2.58 (^^ 

U>S). 5,10-5.42 C-p^^>S)} . {2.33-2.58(1^1 
-^^U>S), 1.78-2.09 (m2^^lx>S), 4.06-4.18 

(^3y$^U>S)} , {2.33-2.58(^1 ^^U>S), 
4.27-4.39 (|?2-y^U>S) ) r*>o/cC6;{>>6-€-n 



40 



50 



[0 02 9] Sfc. "C-NMR (l25 !Wz)^*f<Daffl 
(ppm) 172.627&>^4HB*-4HB^5^ 171.85;0ii^ 4HB*-3HB*5^ 
170.0465 6 3HB*-4HB*i. 169. 833lP 6 3HP*-3HB7&5, 169.68 
3HB*-3^ff^. 169.14;&i 6 3HB*-3HK6i-en^nig^$ 

[0 0^3 0 ] ammi) msssccm^r. ^^asi 

Orgijifi^l CCTSTcfc^Cc 1 -^>^y-;KO^?:5.oq 
m^/cmtt^ife^ai il^l«<D3j<i;xxT';u^t#/c. f# 

sn/cTj^yxxT-^ujiiySFIi c!:Isi1ll<D^mcr:7'u h 

ViSm^^HX^ ^hJi^' H - N M R (10CM42)^Wtce^ O 
/Co C(Dafi(ppm)>!^ { 1.24-1. 30(,y , 2.33-2.5 

8 (^^U>S), 5.10-5.42 (^^>S)} . {0.82-0.9 
6(y^;US), 1.50-1.70( mi y ^U>S), 2.33-2.58 

(m2^^U>S). 5.03-5.34 (y^>S)} r*o/c 
C<h:()56-en^n3HB. 3HVi0«3n/c. C<D*S 

m^a4tc^-ro 

[003 1 ] (tmm2) ?^@iS«^C:bl^r. ^^?^<i: 



h >m^^m::^ ^PhJ\y^ H-NMR (lOOMHz)^WCCtt 
Utc. C(DC<DoBQpmOifi {l.24-1.30(^^;US), 2. 
35-2,58 C^^U>S), 5.10-5.42 (^^>S)} . {4. 
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